Blood samples can be difficult to obtain in studies involving serial sampling, especially in developing countries where there may also be logistic, ethical, and cultural constraints that make frequent blood collection impractical. Assays for steroids in saliva may avoid some of these difficulties. A multicenter study involving laboratories in five couniries was carried out to compare the results of assays for salivary estradiol and progesterone performed with centrally provided reagents and assay protocols. Concentrations of salivary steroid as obtained by all but one center were comparable with those reported in the literature. We conclude that assays of hormones in saliva are useful adjuncts to those performed on other body fluids. of institutions in such countries to perform research; these programs include providing laboratories with well-characterized immunoassay reagents and protocols (1, 2). However, little is yet known about the endocrinological status of subjects in developing countries, particularly those from rural populations of low economic status. In part this may be attributed to problems associated with conventional sampling regimes-access to staff able to perform venepuncture and a supply of sterile needles are required-and cultural and ethical problems associated with blood collection might also restrict sampling. Because assays for steroids in saliva have been useful for monitoring ovarian function (3)(4)(5) and because saliva donation is socially acceptable in many cultures, it was decided to assess whether simple, rapid assays for estradiol and progesterone in saliva (6) 
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Materials and Methods

Samples.
Detailed protocols on subject selection and sample collection were sent to all participants. Each center was WHO CollaboratingCentre, ChelseaHospital for Women, Dovehouse Street, London SW3 6LT, U.K.
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asked to collect daily samples of saliva, beginning with the second day of menstrual bleeding, from six subjects who were not receiving medication and who had regular menstrual cycles. Subjects were asked to collect 3-to 4-mL specimens of saliva approximately 5 mm after rinsing their mouths with water. The time of sample collection, recorded by each subject, was always between 15:00 and 17:00 hours. Specimens for cycles were collected at the volunteer's home and stored in domestic refrigerators before transfer to the laboratory.At the laboratory saliva samples were liquefied by freezing and thawing, and particulate matter was removed by centrifugation before storage at -20 #{176}C or assay. Assays. The assays used (6) were rapid, did not involve extraction, and required 0.5-mL aliquots of saliva for analysis; [1251]iodohistamine derivatives were used as tracers. Reagents for this study, obtained from the Swiss Federal Reactor Institute, Wurenlingen, were sent to each participant, together with detailed assay protocols. Quality-control samples were centrally provided to facilitate the comparison of data obtained from different centers as well as for assessment of within-and between-batch quality control of assays performed at each center. At only one center had a staff member had previous experience with these assays.
Data analysis.
Raw data were reported by the participants, data analysis was centrally performed with use of a standardized RIA data analysis and quality control program (7). Assays for which original data were not available were excluded from analysis.
Menstrual cycles were normalized such that day 0 was set as being one day after the concentration of salivary estradiol peaked. Data from the different stages of the cycle were then combined by calculating means and standard errors of the means for follicular, periovulatory, and luteal phases for each center. The quality-control results for the different centers were compared, and the within-laboratory, betweenbatch and between laboratory, between-batch coefficients of variation (CVs) were calculated.
Results
Acceptability of saliva sampling.
None of the laboratories reported problems in recruiting volunteers for this study. Sample collection was considered to be simple, and presented no practical or ethical problems. Specimens were frequently collected and stored at home before being taken to the laboratory. Two centers reported that some saliva samples had apparently deteriorated; they had an unpleasant odor and laboratory staff found them distasteful to handle.
Logistic problems.
Shipping reagents to geographically scattered parts of the world presents problems. Several centers did not receive the reagents, and two received them at erratic intervals, making it difficult for them to complete the study.
Assay performance.
All but one center found the assays simple to perform. The between-batch reproducibility of results from the four centers that assayed the centrally provided quality control samples is shown in Table 1 . Between-center comparability is shown in Table 2 . In both cases no correction has been made for the fact that replicate Between-batch and between-laboratory comparabilities were poorer than those generally found for equivalent assays in serum but were comparable with those reported 
(4)
Likewise progesterone concentrations were also similar to those reported in the literature (5, 6, 9), except for centers 3 and 4. Correspondence with laboratory 4 revealed that four of the six subjects in the study were volunteers from a infertility clinic and had originally been recruited for a study on luteal-phase dysfunction. The grossly increased concentrations of both estradiol and progesterone in subjects from center 3 are more difficult to explain. The concentrations of steroids in saliva are 0.5-2% as great as those found in plasma, and small abrasions in the mouth could contaminate saliva with microliter amounts of blood or gingival fluid, which would be enough to significantly increase the measured estradiol and progesterone concentrations. Dietary habits or oral infections could also possibly affect concentrations of salivary steroids, although studies (11) indicate that chronic gingival inflammation is unlikely to result in metabolism of salivary estradiol or progesterone.
Despite the fact that the cause of this apparent population difference has not yet been identified, estradiol and progesterone assays in saliva are clearly useful analytical tools, particularlyfor studies involving examination of endocrine status over a period of time. Assays for these steroids in saliva have already been shown to be useful in monitoring subjects with unexplained infertility, and for subjects being considered for in vitro fertilization or artificial insemination (5,6,11). This study confirms that these assays could also be effective in studying endocrinological changes in population groups from whom regular blood samples would be difficult or impossible to obtain, as well as in projects concerned with the safety and efficacy of fertility-regulating agents in developing countries.
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